Rate of functional deterioration in polycystic kidney disease  by Franz, Kathrin A. & Reubi, François C.
Kidney International, Vol. 23 (1983), pp. 526—529
Rate of functional deterioration in polycystic kidney disease
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Rate of functional deterioration in polycystic kidney disease. Renal
function was evaluated in 44 patients with adult polycystic renal disease
at different stages of the affection. In 38 patients single or serial
determinations of the glomerular filtration rate and the effective renal
plasma flow were performed. In 21 of these patients and in an additional
group of six subjects, serial determinations of serum creatinine were
obtained. The data show that renal function does not decrease at a
constant rate between birth and endstage renal failure. It remains well
preserved for many years but decreases rapidly at a later stage. The
relationship between indices of renal function (glomerular filtration
rate, PAH-clearance and/or reciprocal serum creatinine) and the age of
the patients might be described adequately by assuming that the
impairment in renal function is proportional to the growth of the cysts
and that the radius of the cysts increase at a slow but constant rate.
Possible contributory factors are secondary infection and hypertension.
La vitesse de détérioration fonctionelle dans Ia maladie polykystique
rénale. La fonction rénale a été évaluée chez 44 malades atteints de
maladie polykystique rénale de l'adulte a différents stades de l'affec-
tion. Chez 38 malades, des determinations uniques ou sériées du debit
de filtration glomérulaire et du debit plasmatique renal efficace ont été
effectuées. Chez 21 de ces malades et chez un groupe supplémentaire de
six sujets, des determinations sériées de Ia creatinine serique ont été
obtenues. Les données indiquent que la fonction rénale ne décroit pas a
une vitesse constante entre la naissance et l'insuffisance rénale termin-
ale. Elle reste bien preservee pendant de nombreuses années, mais
diminue rapidement a un stade plus tardif. La relation entre les index de
fonction rénale (debit de filtration glomerulaire, clearance du PAH et/ou
l'inverse de Ia créatinine serique) et l'hge des malades pourrait être
décrite de facon adequate en supposant que l'altération de la fonction
rénale est proportionnelle ala croissance des kystes, et que le rayon des
kystes augmente a une vitesse lente mais constante. Des facteurs
contributifs possibles sont l'infection secondaire et l'hypertension.
It is a common experience that a majority of patients with the
adult form of polycystic disease of the kidneys reach the stage
of terminal renal failure in the fifth or sixth decade of life.
However, renal insufficiency may occur earlier or later and it is
not exceptional to discover polycystic kidneys at postmortem
examination in elderly subjects deceased from other causes. It
therefore, seems difficult to assess a correct prognosis in the
individual patient, and some clinicians feel that the course of
polycystic renal disease is totally unpredictable [1].
Since cysts are present at birth, it would seem that impair-
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ment of renal function should follow a regularly progressive
course. However, this has never been documented. Indeed, we
are not aware of any long-term clearance study relating the
glomerular filtration rate and the effective renal plasma flow to
the age of the patients and the course of their disease. The
finding of normal clearance values in several patients between
30 and 40 years of age, who presented with markedly enlarged
polycystic kidneys, prompted us to investigate this problem.
Our results indicate that renal function may remain almost
normal for many years, only to decrease rapidly at a later stage.
Methods
Forty-four patients with the adult form of polycystic renal
disease were examined. The diagnosis was made by abdominal
palpation, intravenous urography, sonography and/or comput-
erized axial tomography. Twenty-nine patients were seen on
several occasions; the mean follow-up was 8.4 4.5 (SE) years
(range, 2 to 21 years). At the first examination it was discovered
that the youngest patient was 21 and the oldest was 75.
Seventeen patients reached the stage of terminal renal failure
during the follow-up period. At that time their mean age was
47.8 10.3 (SE) years (range, 27 to 68 years).
Fifty-six single or serial 5tCr-EDTA (or inulin) and PAH
clearance determinations were performed in 38 patients; in 21 of
them repeated measurements of serum creatinine were also
available. In an additional group of six subjects, serial serum
creatinine values only were used as an index of renal function.
The total number of serum creatinine determinations in these 27
patients was 111. The rate of deterioration was followed by
comparing the reciprocal creatinine values. In all subjects blood
pressure was measured frequently by the cuff method, and
urine cultures were performed repeatedly. The diagnosis of
urinary infection was based on positive urine cultures, leucocy-
tuna and at least one of the following symptoms: dysuria,
lumbar pain, fever, and elevated blood sedimentation rate
(BSR).
The glomerular filtration rate (GFR) was measured by the
51Cr-EDTA clearance (in some patients the inulin clearance),
and the effective renal plasma flow was estimated by the PAH-
clearance (CPAH). The conventional procedure was applied to
the patients in a supine position with a constant infusion of the
indicators and an indwelling catheter in the urinary bladder [2—
41. Serum creatinine was determined with an autoanalyzer
(Greiner-Analyzer II) [51.
In hemodialysis patients GFR and PAH-clearance were not
determined. In the 14 patients with previous clearance measure-
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Fig. 1. Glomerular filtration rate in relation to age in 38 adult patients
with polycystic renal disease. The data consist of 56 51Cr-EDTA (or
inulin) clearance determinations (•) and 14 endpoints (•) correspond-
ing to an estimated clearance of less than 3 mI/mm. The connecting lines
indicate serial determinations. The two theoretical curves have been
calculated using the model illustrated in Figure 5.
ments who reached the endstage of renal failure in the course of
the follow-up, GFR was assumed to be less than 3 ml/min and
CPAH less than 10 mI/mm at that time.
Results
Glomerular filtration rate. GFR ranged from 6 to 172 mllmin,
with a mean of 61.9 42.1 mI/mm (mean 1 SE). The single
values are plotted in Figure 1 in relation to the age of the
patients. In the age group under 42 years, 11 patients had a GFR
above the lower normal limit of 93 ml/min [3]. With two
exceptions, the serial clearance determinations showed a de-
crease with age.
PAH-clearance (CPAH). CPAH ranged from 18 to 680 mllmin,
with a mean of 268.6 182.6 ml/min. The single values are
presented in Figure 2 in relation to the patient's age. In the age-
group under 42 years, nine patients had a CPAH above 478 ml!
mm, the lower limit of normal [3]. With one exception, CPAH
decreased with age in patients with serial determinations.
Filtration fraction (FF). The mean FF was 0.239 0.045 with
a range of 0.165 to 0.368. Thirty-three values were normal and
23 were above 0.233, the upper limit of normal [3], indicating a
proportional reduction of GFR and CPAH, or a somewhat
greater reduction of CPAH. All patients with elevated FF also
had arterial hypertension.
Reciprocal serum creatinine (I/Cr). 1/Cr ranged from 1.11 to
0.063, with a mean of 0.37 0.28 dl/mg. The serial data are
plotted in Figure 3 in relation to the patient's age. Ten out of the
111 values were within the normal range. In all but one subject
I/Cr decreased with age.
Blood pressure. In 29 patients with clearance measurements,
the blood pressure values were well documented for at least 10
years. Seven were found to have mild to moderate hypertension
of more than 10 years' duration, with a mean systolic pressure
of 169 18 mm Hg and a mean diastolic value of 108 13 mm
Hg. In 19 patients hypertension of mild to moderate severity
appeared later within the 10 years preceding the last examina-
tion. None of the hypertensive patients had accelerated hyper-
tension with grade 3 or 4 retinopathy. Signs of left ventricular
failure were absent. Three patients, followed 5 to 24 years,
remained normotensive.
The arbitrary limit of 10 years was chosen because it was
assumed that benign hypertension might affect renal function
only if it were of considerable duration. As illustrated in Figure
4 there was no conspicuous difference in the rate of deteriora-
tion between the seven patients with long lasting hypertension
and the remaining 22 subjects.
Urinary infection. In the same group of 29 patients, the
presence or absence of overt urinary infection was also well
documented over a long follow-up period. In ten patients
recurring infections could be traced back for more than 10
years. The remaining 19 subjects had either no infection or one
single episode of infection, or recurring infections had appeared
recently. As illustrated in Figure 4, the rate of deterioration was
very similar in the two subgroups.
Discussion
Since cysts are present at birth, renal function might decrease
at a constant rate until the stage of terminal failure has been
reached. This would mean linearity of the decrease in GFR
between birth and renal failure. However, Figures 1, 2, and 3
show that in most patients renal function remained well pre-
served over a long time. It is only around the age of 40 that it
began to decrease rather rapidly, leading to endstage failure
within 10 years or so.
A linear decrease in GFR can be observed in many patients
with chronic glomerulonephritis, pyelonephritis, or diabetic
glomerulosclerosis, when activity of the scierosing process is
low and does not vary markedly. In these patients we have to
assume that every year the same number of nephrons undergo
sclerosis or destruction. In other subjects the varying slope of
the curve is consistent with a stepwise progression, periods of
inactivity being followed by new relapses.
Obviously, what occurs in polycystic renal disease is differ-
ent. The contrasting pattern characterized by a good preserva-
tion of function over years followed by a second phase of rapid,
almost linear impairment, may be explained in several ways.
First, the rate of progression might vary with age, the growth
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Fig. 2. PAH-clearance in relation to age in 38 adult patients with
polycystic renal disease. Symbols are the same as those in Figure 1.
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Fig. 3. Reciprocal serum creatinine values as related to age in 27 adult
patients with polycystic renal disease (111 serial determinations).
of the cysts being slow during the first three decades of life and
increasingly rapid in later years. Whereas such a mechanism
cannot be ruled out, it is not supported by the observation that,
in most of our patients with a still normal function, the kidneys
were already markedly enlarged. Normal urea clearance has
also been reported by Dalgaard [6] in patients with enlarged
kidneys. Moreover, the later functional deterioration is not
necessarily accompanied by a more rapid increase in kidney
size.
Second, we may assume that secondary infection is responsi-
ble for the steep decrease observed around age 40. However, in
the present series the decrease in GFR was not faster in the ten
patients with overt recurring infections of at least 10 years'
duration than in the remaining subjects (Fig. 4). Similarly,
Simon and Thompson [1] found a comparable five-year survival
in patients with and without urinary infection. The same
considerations apply to hypertension. In our series, hyperten-
sion was usually mild and no case of malignant hypertension
was recorded at the time renal function began to deteriorate
more rapidly. Figure 4 includes a group of patients in whom
elevated blood pressure values had been recorded at least 10
years prior to the last examination. The "normotensive" group
consists of patients with normal blood pressure or hypertension
of short duration. The rate of deterioration was similar in the
two groups.
A third tentative explanation is that the radius of the cysts
increases at a constant rate over years. If this assumption is
valid, the pattern of deterioration can be described adequately
by the curve relating the volume of the residual functioning
tissue to the radius of the growing cysts. Let us consider a given
spherical volume of renal tissue which is replaced progressively
by a growing cyst with renal function proportional to the
volume of intact residual tissue. Figure 5 shows the theoretical
relationship between the volume of residual tissue surrounding
a single cyst and the radius of this cyst. The curve expresses the
volume of residual tissue 4/3 (rK3 — FC) as a function of rc (rc =
radius of cyst, rK = radius of elementary volume of kidney
tissue). If we assume that rK remains constant and rc is a linear
function of time, we can construct a similar graph, where GFR
Age, years Age, years
Fig. 4. GFR in 29 adult patients with a clinical follow up exceeding 10
years. On the left 15 patients with long lasting urinary infection and/or
hypertension. On the right 14 patients without complications or with
complications of shorter duration.
is a function of the number of years elapsing between birth and
terminal renal failure.
We have applied this model to the 51Cr-EDTA clearance data
shown in Figure 1 and drawn an upper curve starting at a GFR
of 159 mllmin (mean + 2 SE in normal subjects [3] with the
endpoint at 75 years, and a lower curve starting at 93 ml/min
(mean — 2 SE) with the endpoint at 35 years. The area between
the two curves includes 64 of the 70 single data, that is, 91.4%.
Within this area individual curves with different slopes that will
fit most serial clearance data may be drawn by varying the
initial level of GFR and the age at which terminal renal failure
develops. Similarly, two theoretical curves have been applied
to the PAH clearance data shown in Figure 2 with the upper
curve starting at 814 ml/min and the lower curve at 478 ml/min
(mean 2 SE of normal values). Ninety-two and seven-tenths
percent of the clearance data lie within the area delineated by
the two curves.
A rough estimation of the changes in GFR may be derived
from the changes in serum creatinine. Since serum creatinine is
an inverse function of GFR, the rate of deterioration can be
followed by plotting the reciprocal values of serum creatinine 1/
Cr against time [7, 8]. We also applied our model to the
reciprocal creatinine plot illustrated in Figure 3, which behaves
very much like the GFR. Two curves have been drawn, starting
at 1/Cr values of 1.66 and 0.83 dl/mg and ending at 35 and 75
years, respectively. The area between the two curves includes
104 of the 111 data, that is, 93.6%.
A few serial determinations of serum creatinine in patients
with advanced polycystic renal disease have been reported by
others [7—11]. Pooling the available data on 12 adult patients
yields a mean initial value of 0.373 0.239 dl/mg for 1/Cr,
decreasing to 0.186 0.161 dl/mg after 3 years. The slope is
—0.0626 0.0537 dl/mg/year. Assuming that in our model the
relationship approximates linearity below a 1/Cr of 0.4 dl/mg,
the slope of this part of a curve starting at a 1/Cr of 1.25 dl/mg
and ending at 55 years is —0.0597 dl/mglyear. Thus, in this
range of function, the two slopes are almost identical.
Admittedly, this interpretation may not give a true picture of
all factors involved. Total kidney volume is not constant, but
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Fig. 5. Theoretical relationship between the volume of residual kidney
tissue and the radius of the cysts. Abbreviations are explained in the
Discussion.
In conclusion, we have shown that in the adult form of
polycystic renal disease the rate of functional deterioration is
characterized by a long initial period with well preserved
glomerular filtration rate followed by a rather sharp decrease.
This pattern might be explained by assuming that the radius of
the cysts increases at a constant rate. Superimposed pyelone-
phritis and hypertension may play a contributory role.
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markedly increased at a late stage and displacement of renal
tissue by the cysts may alleviate the consequences of compres-
sion. The size of the cysts varies considerably and their rate of
growth is not uniform. Moreover, if our model actually repre-
sents the mechanism involved in this condition, it is unclear
why the radius rather than the volume increases at a constant
rate. Unfortunately, it is not possible to assess the rate of
growth of the cysts in vivo by means of morphological methods.
The total kidney volume provides no reliable information, since
it includes both cysts and tissue.
These findings have a clinical implication. In a 30-year-old
patient a normal or slightly decreased GFR does not necessarily
indicate a good prognosis, since renal function may either
decrease abruptly or remain at a relatively high level during the
following years. depending on the individual rate of growth of
the cysts. In contrast, when GFR is already markedly reduced
and serum creatinine is increased at first examination, the
terminal stage will be reached within 10 years or less. This is in
